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Summary 
For several decades, tin-lead solders have been extensively used as interconnect 
materials. However, through the years, to cater to the ever-increasing technological 
changes, the number of solder joints per package has increased while the dimensions of 
the solder joints have decreased. Furthermore, coupled with environmental concerns over 
the toxicity of lead and legislative implementation to ban the use of lead in electronics 
manufacturing, there is a need to move beyond tin-lead solders. The primary focus is to 
develop a new generation of interconnect materials that is equipped with a combination of 
good mechanical, electrical and thermal properties, in order to fulfill the ever-stricter 
service requirements.   
In this project, a new generation of lead-free (95.8Sn-3.5Ag-0.7Cu) composite solders 
was developed to address the above-mentioned issues. Composite approach was used to 
improve the service performance of conventional solders. This project was carried out in 
three phases. In Phase One, four new lead-free composite solders were successfully 
synthesized using the powder metallurgy method. Non-coarsening reinforcements (carbon 
nanotubes, TiB2, Y2O3 and ZrO2 + 8mol. % Y2O3 particulates) were intentionally 
incorporated into the solder matrix. Characterization studies were then carried out to 
determine the physical, electrical, thermal, microstructural and mechanical properties of 
the composite solders. Composite solders reinforced with carbon nanotubes (CNTs) were 
found to yield the best overall properties. Phase Two of this project focused on creep and 
aging studies of Sn-Ag-Cu/CNT composite solder joints. In the last phase of this project, a 
computational study involving the adsorption energy calculations for Sn-CNT system was 
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carried out. This was aimed to understand the interfacial interaction between Sn and CNT, 
so as to maximize the potential of CNTs as reinforcement in the solder matrix. 
Characterization results in this project convincingly established that composite 
technology in electronic solders can lead to simultaneous improvement in thermal 
performance (in terms of lower coefficient of thermal expansion) and mechanical 
performance (in terms of better microhardess, tensile, shear and creep properties), without 
compromising on the melting temperature and electrical performance (in terms of no 
change in electrical resistivity/conductivity). A threshold addition of reinforcements was 
observed to aid in optimizing the properties of the composite solder. Isothermal aging 
studies revealed that SnAgCu/CNT composite solder joints exhibited lower diffusion 
coefficient, signifying that the presence of reinforcements was effective in retarding the 
interfacial intermetallic layer growth. These advanced interconnect materials will hence 
benefit the microelectronics packaging and assembly industry. 
Computational results predicted weak interaction between Sn and its neighboring C 
atoms. The computational results are also in good agreement with the experimental TEM 
study. Moreover, TEM study showed that in spite of the weak interaction, the interface 
integrity between the Sn metal and CNT was generally good. No voids/debonded regions 
were observed at the Sn/CNT interface. 
Particular emphasis was also placed to establish the relationship of varying amount of 
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